
LC-FAOD: A group of rare, life-threatening  
autosomal recessive disorders1-4

LC-FAOD result from defective enzymes involved in the transport and catabolism of long-
chain fatty acids (LCFAs)—leading to energy depletion and a depletion of intermediate 
pools of the tricarboxylic acid (TCA) cycle.1,3,4

CARNITINE TRANSPORT DISORDERS5,6

Cause: Mutations in the CPT1A gene
Estimated incidence: 1:750,000 to 1:2,000,000

Cause: Mutations in the SLC25A20 gene
Estimated incidence: 1:750,000 to 1:2,000,000

Cause: Mutations in the CPT2 gene
Estimated incidence: 1:750,000 to 1:2,000,000

BETA-OXIDATION DISORDERS5

Cause: Mutations in the ACADVL gene
Estimated incidence: 1:85,000

Cause: Mutations in both the HADHA and HADHB genes, leads to defects 
in the entire TFP complex
Estimated incidence: 1:750,000

Cause: Mutations in the HADHA gene, which encodes for a subunit of TFP
Estimated incidence: 1:250,000

WHAT ARE LC-FAOD?
Long-Chain Fatty Acid Oxidation Disorders
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CACT=carnitine-acylcarnitine translocase; CPT=carnitine palmitoyltransferase; LCHAD=long-chain 3-hydroxyacyl-CoA; TFP=trifunctional protein; VLCAD=very long-chain 
acyl-CoA dehydrogenase.



Unbalanced metabolism  
in LC-FAOD impairs 
energy production3,4,8 

Acetyl-CoA=acetyl coenzyme A; αKG=alpha-ketoglutarate; ATP=adenosine triphosphate; CACT=carnitine-acylcarnitine translocase; CITR=citrate; CPT=carnitine palmitoyltransferase; 
FUM=fumarate; ICIT=isocitrate; LCHAD=long-chain 3-hydroxyacyl-CoA dehydrogenase; MAL=malate; OAA=oxaloacetate; SUCC=succinate; SCoA=succinyl-CoA; TCA= 
tricarboxylic acid; TFP=mitochondrial trifunctional protein; VLCAD=very long-chain acyl-CoA dehydrogenase.

ENZYME DEFICIENCIES

LC-FAOD are caused by specific enzyme deficiencies in the carnitine 
shuttle system or the long-chain β-oxidation spiral.1,9

COMPROMISED LCFA METABOLISM

Impaired enzyme activity limiting normal metabolism of LCFAs into 
acetyl-CoAs results in4,10:
•  Lower ATP production
•  Impaired ketogenesis

TCA CYCLE IMBALANCE

Enzyme deficiencies can disrupt the anaplerosis/cataplerosis 
balance, leading to4,11,12:
•  Accumulation of toxic metabolites
•  �Lack of replenishing substrates in the TCA intermediate pools

IMPAIRED ENERGY PRODUCTION

Incomplete TCA cycle processing may impair 3,4,8,13,14:
•  Gluconeogenesis
•  Lipogenesis

THE CAUSE

References: 1. Wanders RJ, Ruiter JP, IJLst L, Waterham HR, Houten SM. J Inherit Metab Dis. 2010;33(5):479-494. 2. Lindner M, Hoffmann GF, Matern D. J Inherit Metab Dis. 
2010;33(5):521-526. 3. Wajner M, Amaral AU. Biosci Rep. 2015;36(1):e00281. Published 2015 Nov 20. 4. Knottnerus SJG, Bleeker JC, Wüst RCI, et al. Rev Endocr Metab Disord. 
2018;19(1):93-106. 5. Vockley J. Am J Manag Care. 2020;26(7 Suppl):S147-S154. 6. Merritt JL 2nd, Norris M, Kanungo S. Ann Transl Med. 2018;6(24):473. 7. Pennisi EM, Garibaldi M, 
Antonini G. J Clin Med. 2018;7(12):472. Published 2018 Nov 23. 8. Owen OE, Kalhan SC, Hanson RW. J Biol Chem. 2002;277(34):30409-30412. 9. Vockley J, Burton B, Berry GT, et al. 
Mol Genet Metab. 2017;120(4):370-377. 10. Longo N, Amat di San Filippo C, Pasquali M. Am J Med Genet C Semin Med Genet. 2006;142C(2):77-85. 11. Brunengraber H, Roe CR.  
J Inherit Metab Dis. 2006;29(2-3):327-331. 12. Janeiro P, Jotta R, Ramos R, et al. Eur J Pediatr. 2019;178(3):387-394. 13. Roe CR, Brunengraber H. Mol Genet Metab. 2015;116(4):260-
268. 14. Houten SM, Wanders RJ. J Inherit Metab Dis. 2010;33(5):469-477. 15. Saudubray JM, Martin D, de Lonlay P, et al. J Inherit Metab Dis. 1999;22(4):488-502. 16. Siddiq S, 
Wilson BJ, Graham ID, et al. Orphanet J Rare Dis. 2016;11(1):168. Published 2016 Dec 7. 17. Shekhawat PS, Matern D, Strauss AW. Pediatr Res. 2005;57(5 Pt 2):78R-86R.  
18. Spiekerkoetter U. J Inherit Metab Dis. 2010;33(5):527-532. 19. Vockley J, Marsden D, McCracken E, et al. [published correction appears in Mol Genet Metab. 2015 Nov;116(3):221]. 
Mol Genet Metab. 2015;116(1-2):53-60. 20. Vockley J, Burton B, Berry GT, et al. J Inherit Metab Dis. 2019;42(1):169-177. 21. Merritt JL 2nd, MacLeod E, Jurecka A, Hainline B. Rev 
Endocr Metab Disord. 2020;21(4):479-493.



THE IMPACT

DESPITE EARLY DETECTION AND MANAGEMENT,  
LC-FAOD MORTALITY RATES TEND TO REMAIN HIGH.9

A SPECTRUM OF PRESENTATION

Low blood sugar (hypoglycemia)/liver dysfunction

Heart muscle damage (cardiomyopathy)

Muscle weakness/muscle breakdown (rhabdomyolysis)

NEWBORN CHILDHOOD/ADOLESCENCE ADULTHOOD

•  �Although symptoms can appear within a few hours of birth, they may also not appear  
until adulthood4,18,19

•  �Symptoms can evolve over time and may differ depending on when they appear4,18,19

•  �Symptoms are episodic in nature and can lead to hospitalizations, emergency room visits, 
and emergency interventions, and can be life threatening9,15,20

•  �Heterogeneity of signs and symptoms is common, within each LC-FAOD type  
or even between affected individuals in the same family21

Patients with LC-FAOD face difficult challenges  
and substantial medical burdens4,9,15-17

• �When energy balance is disrupted, acute episodes and chronic symptoms burden 
patients4,9,15-17

• �Acute episodes may occur spontaneously and unpredictably in some LC-FAOD types,  
with long-lasting implications3,4,15
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